We claim: 



A lightning detection system, comprising: 



/ 



a source of an electrical detection signal representative of an electromagnetic field 

produced by a lightning discharge; 
an analog-to-digital converter, responsive to said electrical detectio^ignal, for producing 

a digital detection signal; 
a digital processor for determining the type of lightning discharge that produced said 

electromagnetic field based on characteristics of said digital detection signal, said 

digital processor producing digital data charaaerizing lightning discharges that 

are identified; 

a data compression component for/r^ducing^e amount of data needed to characterize a 
lightning discharge so as t^ decrease the time or bandwidth required to transmit 
data representative of a seheybf lightning discharges; and 
a data transmission component foptransmitting said characterizing data over a 
communications ct 



The lightning detection system of claim 1, wherein both said digital processor and said 




/ 



data compression component comprise a programmed digital processor. 



3. The lightaihg detection system of claim 1, wherein said data compression component 
produces, as data representative of said series of lightning discharges, data representative of the 
amplitude4nd data representative of the time of occurrence of the largest amplitude discharge in 
said series of lightning discharges. 
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4. The lightning detection system of claim 3, wherein said data compression component 
further produces, for one or more additional lightning discharges in said series ofdischarges, 
data representative of the time of occurrence of each said additional discharge with respect to the 
time of an adjacent discharge. 



5. The lightning detection system of clam 4, wherein said daw compression component 
further produces, for said one or more additional discharges^ih said series of discharges, data 
representative of the relative amplitude of each &d additional discharge with respect to the 
amplitude of said largest amplitude discharge 



6. The lightning detection system of claimSrwherein said data compression component 
further comprises a data decimation component ror^nchronously decimating said characterizing 
data when needed to accommodate the bandwidth of said communications channel. 



7. The lightning detection^ystem of claim 6, wherein said data decimation component 
comprises a component for^etermining whether the rate of electrical detection signals produced 
by said source in response to said series of lightning discharges exceeds the data transmission 
capacity of said communications channel and, in that event, selecting for transmission only data 
representing those electrical detection signals that occur during a periodically occurring time 
frame of predetermined length. 
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8. The lightning detection system of claim 1 , further comprising a data decinfation 
component for synchronously decimating said characterizing data when needeo to accommodate 
the bandwidth of said communications channel. 
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9. The lightning detection system of claim 8, wherein said dataf decimation component 
comprises a component for determining whether the rate of eleptacal detection signals produced 
by said source in response to said series of lightning discharges exceeds the data transmission 
capacity of said communications channel and, in that event, selecting for transmission only data 
representing those electrical detection signals that occvfa- during a periodically occurring time 
frame of predetermined length. f\ 



10. The lightning detection system of clai 
respective analog-to-digital converters, dij 
data transmission components, and a 



1, further comprising a plurality of sources and 
sors, data compression components and 
processor associated therewith for receiving said 



characterizing data, said central proc^sor including a discharge correlation component for 
correlating sets of data representing series of discharges from respective said sources to 
determine the time and location of one or more discharges. 



1 1 . The lightning dete^ion system of claim 10, wherein said sets of data are correlated in 
20 time. 

12. The lightning detection system of claim 1 1, wherein two distinct pairs of three said sets 
of data are opiated on by a correlation operator, the time shift corresponding to the peak 



39 



correlation value is taken to be the difference in propagation time from a given discharge to the 
respective sensors which serve as respective sources whose data is correlated, andytne two time 
differences thus found are used to estimate the location of a discharge. 



5 13. The lightning detection system of claim 1 1 , wherein three said ^ets of data from 

respective sources are first compared to identify the data corresponding to the highest amplitude 
discharge represented in each set, the time differences hetween^wo distinct pairs of said data 
representing the highest amplitude discharge is taken to be ttfe difference in propagation time 
from the highest amplitude discharge to the respective sensors, which serve as respective sources 
whose data is correlated, and the two time difference/ thus found are used to estimate the 
location of the said highest amplitude discharge 



% 

m 
a 
in 
in 

a 
ru 

M 



14. The lightning detection system of clai^K, wherein said sets of data are shifted in the 
time domain so that data representing sa^t hi^hesf amplitude discharge in each said set of data 
are coincident, and the corresponding time interval between adjacent discharges are compared 
for each set of data to estimate the reliability of the correlation. 



15. The lightning detection system of claim 14, wherein said correlation is accepted as 
reliable where at least one corresponding said time interval from among all said sources agrees to 
20 within a predetermined qfiaximum value. 




16. The lightnmg detection system of claim 15, wherein said central processor further 
includes an optimization component which, when said data sets comprise redundant information 
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regarding the location or time of occurrence of a discharge, applies an optimization ; 
determine the optimum time and location pair. 

17. The lightning detection system of claim 16, wherein said optimisation algorithm 
employs a least-squares estimation of the optimum time and location pair based on propagation 
time data from at least four sensors which serve as respective sources. 



18. The lightning detection system of claim 10, wherein when said characterizing data 

to two sensors which serve as respective sources 
with respect to a discharge, the location off saicr discharge is initially determined from said 



includes information about the angle relative 



angles. 



19. The lightning detection system of flaim 18, wherein the arrival times of said discharge 
whose location is determined by said angles at a plurality of sensors which serve as respective 
sources are estimated from said location, said sets of data from said plurality of sensors are 
shifted in the time domain by relative differences in said arrival times, and the corresponding 
time intervals betweenadjacent discharges are compared for each set of data to estimate the 
reliability of said correlation. 



20. The lightning detection system of claim 19, wherein said correlation is accepted as 
reliable where at least one corresponding said time interval for all said sensors agrees to within a 
predetermined maximum value. 
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21. A lightning detection system, comprising: 

an antenna for producing, in response to an electromagnetic field produced by a lightning 

discharge, an electrical detection signal representative of said field; 
an analog-to-digital converter, responsive to said electrical detection signal, for producing 

a digital detection signal; 
a digital processor for determining the type of lightning discharge>t^at produced said 

electromagnetic field based on characteristics of said distal detection signal, said 

digital processor producing digital data charactering lightning discharges that 

are identified; 

a data decimation component for synchronously decimating said characterizing data to 

reduce the data for transmission; and 
a data transmission component for transmitjtir 

communications channel. 



said decimated characterizing data over a 



22. The lightning detection system of clmm 21, wherein both said digital processor and said 
data decimation component comprise a programmed digital processor. 



23. The lightning detection system of claim 22, wherein said data decimation component 
comprises a component for^ermining whether the rate of electrical detection signals produced 
20 by said antenna in response to a series of lightning discharges exceeds the data transmission 
capacity of said communications channel and, in that event, selecting for transmission only data 
representing those discharges' electrical detection signals that occur during a periodically 
occurring time frame of predetermined length. 
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24. A lightning detection system, comprising: 

a plurality of sources of data representative of a series of lightning discharges; and 
a central analyzer for receiving and analyzing said data representative of a series of 
lightning discharges, said central analyzer including a discharge correlation 
component for correlating sets of data representing series of discharges from 
respective said sources to determine the time or location of one or more 
discharges. 

25. The lightning detection system of claim 24, wherein said sets of data are correlated in 
time. 

26. The lightning detection system of claim 25, wherein two distinct pairs of three said sets 
of data are operated on by a time correlation operator, the time shift corresponding to the peak 
correlation value is taken to be the difference in propagation time from a given discharge to the 
respective sensors which serve as respective sources whose data is correlated, and the two 
propagation time differences thus found are used to estimate the location of a discharge. 

27. The lightning detection system of claim 25, wherein three said sets of data from 
respective sources are first examined to identify the data corresponding to the highest amplitude 
discharge represented within each set, the time differences between two distinct pairs of said data 
representing the highest amplitude discharge is taken to be the difference in propagation time 
from the highest amplitude discharge to the respective sensors which serve as respective sources 
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whose data is correlated, and the two propagation time differences thus found are used to 
estimate the location of the said highest amplitude discharge. 

28. The lightning detection system of claim 27, wherein said sets of data are shifted in time 
so that data representing said highest amplitude discharge in each said set of data are coincident, 
and the corresponding time intervals between adjacent discharges are compared for each set of 
data to estimate the reliability of the correlation. 

29. The lightning detection system of claim 28 wherein said correlation is accepted as 
reliable where at least one corresponding said time interval for all said sensors agrees to within a 
predetermined maximum value. 

30. The lightning detection system of claim 24, wherein when said representative data 
includes information about the angles relative to two sensors which serve as respective sources 
with respect to a discharge, the location of said discharge is initially determined from said 
angles. 

3 1 . The lightning detection system of claim 30, wherein the arrival times of an 
electromagnetic field produced by said discharge whose location is determined by said angles at 

a plurality of sensors which serve as respective sources are estimated from said location, said sets 
of data from said plurality of sensors are shifted in the time domain by relative differences in 
said arrival times, and the corresponding time intervals between adjacent discharges are 
compared for each set of data to estimate a reliability of said correlation. 
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32. The lightning detection system of claim 31, wherein said correlation is accepted as 
reliable where at least one corresponding said time interval for all said sensors agree to within a 
predetermined maximum value. 
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33 . A method for detecting lightning, comprising: 

producing in response to an electromagnetic field produced by a lightning.discharge an 

electrical detection signal representative of said electromagnetic field; 
producing a digital detection signal representative of said electi>£al detection signal; 
determining the type of lightning discharge that produced^fcd electromagnetic field 

based on characteristics of said (UgijQdetectipfi signal and producing digital data 
characterizing lightning discharges hat a^e so determined; 
reducing the amount of data needed to chami terize a lightning discharge so as to decrease 
the time or bandwidth required t^ anLriflia 
lightning discharges; and / / 
transmitting said characterizing / data over a communications channel. 



data representative of a series of 



34. The method of clainy$3, wherein said reducing step produces data representative of the 
amplitude and data representative of the time of occurrence of the largest amplitude discharge in 
20 said series of Ughtnin^discharges. 




35. Tnu^method of claim 34, wherein said reducing step further produces, for one or more 
additional lightning discharges in said series of discharges, data representative of the time of 
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occurrence of each said additional discharge with respect to the time of occurrence of 
discharge. / 



adjacent 



36. The method of claim 35, wherein said reducing step further produces, for said one or 
more additional discharges in said series of discharges, data representatj/e of the relative 
amplitude of each said additional discharge with respect to the amplitude of said largest 
amplitude discharge. 



37. The method of claim 36, wherein said reducing step further comprises synchronously 
decimating said characterizing data as needed ttp^n$mlaxe the bandwidth of said 
communications channel. 

38. The method of claim 37, wherein said,*! s6 mating step comprises determining whether 
the rate of electrical detection signals prodacedlin response to said series of lightning discharges 
exceeds the data transmission capacity of said communications channel and, in that event, 
selecting for transmission only data representing those electrical detection signals that occur 
during a periodically occurring time frame of predetermined length. 



39. The method of claim 33, further comprising synchronously decimating said 
characterizing data as needed to accommodate the bandwidth of said communications channel. 



40. The method of claim 39, wherein said decimating step further comprises determining 
whether the^mte of electrical detection signal produced in response to said series of lightning 
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discharges exceeds the data transmission capacity of said communications channel and, in that 
event, selecting for transmission only data representing those discharges that ocjeur during a 
periodically occurring time frame of predetermined length. 
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41 . The method of claim 33, further comprising providing a plurality of electrical detection 
signals representative of an electromagnetic field from a lightnjiig discharge and, for each said 
electrical detection signal producing a digital detection signal, determining the type of lightning 
discharge that produced said electromagnetic field basecr on characteristics of said digital 
detection signal, producing digital data characterizing lightning discharges that are so 

needld 



determined, reducing the amount of data 
decrease the time or bandwidth required to 
discharges, transmitting said characterizing 
location, and at said central location 



characterize a lightning discharge so as to 
;mit data representative of a series of lightning 
•ver a communications channel to a central 



sai^naracterizing data and correlating sets of 
data to determine the time and location of fone or more discharges, each said set of data 
corresponding to a unique source and an associated sensor location. 



42. The method of claim/4 1, wherein said sets of data are correlated in time. 



43. The method of claim 42, wherein two distinct pairs of three said sets of data are operated 
20 on by a correlation operator, the time shift corresponding to the peak correlation value is taken to 
be the differencial propagation time from a given discharge to the respective sensors which 
serve as respective sources whose data is correlated, and the two propagation time differences 
thus found are used to estimate the location of a discharge. 
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44. The method of claim 43, wherein three said sets of data are first compared to identify the 
data corresponding to the highest amplitude discharge represented in each set/the time 
differences between two distinct pairs of said data representing the highest amplitude discharge 
is taken to be the difference in propagation time from the highest amplitude discharge to the 
respective sensors which serve as respective sources whose data isxorrelated, and the two 
propagation time differences thus found are used to estimate tfye location of the said highest 
amplitude discharge. 



45. The method of claim 44, wherein said sets of datla are shifted in the time domain so that 
data representing said highest amplitude disch^e iniach said set of data are coincident, and the 
corresponding time intervals between adjaceijt di^^iarges are compared for each set of data to 
estimate the reliability of the correlation. 



46. The method of claim 45, wherein the cofrelation is accepted as reliable where at least one 
corresponding said time interval from aiyong all said sensors agrees to within a predetermined 
maximum value. 



47. The method of claim 41, wherein when said characterizing data includes information 
about the angle relative to twc/ sensors which serve as respective sources with respect to a 
discharge, the location of Mid discharge is initially determined from said angles. 

48. The method of claim 47, wherein the arrival times of said electromagnetic field produced 
by said discharge whose location is determined by said angles at a plurality of sensors which 
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serve as respective sources are estimated from said location, said sets of datagram said plurality 
of sensors which serve as respective sources are shifted in the time domaip by relative 
differences in said arrival times, and the corresponding time intervals benveen adjacent 
discharges are compared for each set of data to estimate the reliabihw of the correlation value. 

49. The method claim 48, wherein the correlation is accepted as reliable where at least one 
corresponding said time interval for all said sensors agree tp within a predetermined maximum 
value. 



50. A method for detecting lightning, comprising: 



producing in response to an electron 
electrical detection signal repi 



ic field produced by a lightning discharge, an 
bntative of said field; 
producing a digital detection signal r^k^nsive to said electrical detection signal; 
determining the type of lightning ^isc^afge^that produced said electromagnetic field 

based on characteristics/bf said digital detection signal and producing digital data 
characterizing lightiung discharges that are identified; 
synchronously decimating said characterizing data to reduce the data for transmission; 
and 

transmitting said decimated characterizing data over a communications channel. 



5 1 . The method of/claim 50, wherein said data decimating step comprises determining 
whether the rate electrical detection signals produced in response to a series of lightning 
discharges exceeds the data transmission capacity of said communications channel and, in that 
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event, selecting for transmission only datafrepresenting those electrical detection signals that 
occur during a periodically occurring turfe frame of predetermined length. 



52. A method for detecting lightning, comprising: 

providing a plurality of sources of data representative of a series of lightning discharges; 
and 

receiving said data representative of a series of lightning discharges at a central location; 
and 

correlating sets of data representing a series of discharges from respective said sources to 
determine the time or location of one or more discharges. 

53. The method of claim 52, wherein said sets of data are correlated in time. 

54. The method of claim 53, wherein two distinct pairs of three said sets of data are operated 
on by a correlation operator, the time shift corresponding to the peak correlation value is taken to 
be the difference in propagation time from a given discharge to respective sensors which serve as 
respective sources whose data is correlated, and the two propagation time differences thus found 
are used to estimate the location of a discharge. 

55. The method of claim 53, wherein three said sets of data are first examined to identify the 
data corresponding to the highest amplitude discharge represented in each set, the corresponding 
time differences between two distinct pairs of said data representing the highest amplitude 
discharge are taken to be the difference in propagation time from the highest amplitude discharge 
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to respective sensors which serve as respective sources whose data is correlated, and the two 
propagation time differences thus found are used to estimate said location of the said highest 
amplitude discharge. 

56. The lightning detection system of claim 55, wherein said sets of data are shifted in time 
so that data representing said highest amplitude discharge in each said set of data are coincident, 
and the corresponding time intervals between adjacent discharges are compared for each set of 
data to estimate the reliability of the correlation. 

57. The lightning detection system of claim 56, wherein the correlation is accepted as reliable 
where at least one corresponding said time interval for all said sources of data agrees to within a 
predetermined maximum value. 

58. The method of claim 52, wherein when said data include information about the angles 
relative to the location of two said data sources with respect to a discharge, the location of said 
discharge is initially determined from said angles. 

59. The method of claim 58, wherein the arrival times of said electromagnetic field produced 
by discharge whose location is determined by said angles at said two said data sources are 
estimated from said location, said sets of data from said plurality of data sources are shifted in 
the time domain by relative differences in said arrival times, and the corresponding time intervals 
between adjacent discharges are compared for each set of data to estimate a reliability of said 
correlation. 
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60. The method of claim 59, wherein the correlation is accepted as reliable where at least 
corresponding said time interval for all said data sources agrees to within a predetermined 
maximum value. 
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